Abstract. Based on a large sample of disk and halo giant stars, for which accurate effective temperatures derived through the InfraRed Flux Method (IRFM) exist, a calibration of the temperature scale in the Vilnius, Geneva, RI (C) and DDO photometric systems is performed. We provide calibration formulae for the metallicity dependent T eff vs color relations as well as grids of intrinsic colors and compare them with other calibrations. Photometry, atmospheric parameters and reddening corrections for the stars of the sample have been updated with respect to the original sources in order to reduce the dispersion of the fits. Application of our results to Arcturus leads to an effective temperature in excellent agreement with the value derived from its angular diameter and integrated flux. The effects of gravity on these T eff vs color relations are also explored by taking into account our previous results for dwarf stars.
Introduction
In a previous paper (Meléndez & Ramírez 2003 , Paper I) we derived T eff : color : [Fe/H] relations for dwarf stars in the Vilnius, Geneva, RI (C) and DDO systems from the Alonso et al. (1996a) sample. This time, we have performed a similar extension for giants by using the corresponding Alonso et al. (1999a) sample. We have chosen this sample in order to maintain the homogeneity of the calibrations, the effective temperatures of all of the stars in both samples (dwarfs and giants) have been obtained in a single implementation of the InfraRed Flux Method (IRFM) by Alonso and coworkers.
In addition to their primary importance as fundamental relations, these empirical T eff calibrations are extremely useful for several purposes. Applications include chemical abundance studies (e.g. Smith et al. 2002 , Kraft & Ivans 2003 , the transformation of theoretical HR diagrams into their observational counterparts, i.e. colormagnitude planes (e.g. Girardi et al. 2002) and the test of synthetic spectra and colors (e.g. Bell 1997) . When used along with other studies, combined results may have imSend offprint requests to: I. Ramírez e-mail: ivan@astro.as.utexas.edu ⋆ Based on data from the GCPD.
plications in galactic chemical evolution, population synthesis and cosmology. A noteworthy feature of our work and that of Alonso et al. (1996b Alonso et al. ( , 1999b is the inclusion of Population II stars in the calibrations. They allow to extend the ranges of applicability of the formulae, which in turn become useful also for metal-poor stars. In order to achieve this goal, a large number of cluster giants has been included in the sample adopted for the present work. Even though for a given photometric system observations are usually available for only 2 or 3 clusters, the number of stars contributed by each of them is considerable and thus deserved to be included.
When comparing temperature scales of main sequence stars with those corresponding to giants, small but systematic differences arise. Theoretical calculations can easily take into account these variations with the log g value. In empirical studies, however, it is only after a considerable number of stars has been studied and their properties properly averaged that gravity effects become clear. Detailed, careful inspection of gravity effects on colors may improve our understanding of the physics behind stellar spectra formation.
The present work is distributed as follows: Sect. 2 describes the data adopted, in Sect. 3 we discuss some properties of the general calibration formula employed, perform the calibrations and apply them to Arcturus. Comparison of our work with previously published calibrations is presented in Sect. 4 while intrinsic colors of giant stars and the effects of gravity on the temperature scale are discussed in Sect. 5. We finally summarize our results in Sect. 6.
Photometry and atmospheric parameters adopted
Colors adopted in this work were obtained from the General Catalogue of Photometric Data (GCDP, Mermilliod et al. 1997) , as in Paper I. Nevertheless, due to the lack of RI (C) photometry for giants, colors obtained by applying transformation equations to Kron-Eggen and Washington photometry were also adopted, as explained in Sect. 3.3. The reddening corrections E(B − V ) are given in the work of Alonso et al. (1999a) . For most of the stars in globular clusters, however, these values have been updated following Kraft & Ivans (2003, KI03) . Although reddening ratios E(color)/E(B − V ) for medium and broad band systems generally depend on spectral type, their variations with luminosity class for our interval of interest (F5-K5) amount to a maximum of 0.05 and so only relevant values have been changed with respect to the values adopted for dwarfs. Thus, for giants we have taken E(Z − V )/E(B − V ) = 0.30 and E(Y −Z)/E(B−V ) = 0.54 (Straižys 1995) . The reddening ratio E(B 1 −B 2 )/E(B−V ) = 0.35 (Cramer 1999) was also necessary to obtain intrinsic t parameters in the Geneva system (Sect. 3.2). For the remaining colors, the adopted reddening ratios are the same as those given in Paper I (see our Table 1 and references therein).
Several stars were discarded before performing the fits due to their anomalous positions in T eff vs color planes. It is worth mentioning the most discrepant of them and the probable causes of this behaviour (temperatures are those given by Alonso et al. 1999a) : BD +11 2998, noted by Alonso et al. (1999a) as a "probable misindentification in the program of near IR photometry", an F8 star with very high T eff = 7073 K; and BS 2557, also HD 50420, a blue A9III variable star, T eff = 4871 K.
Regarding [Fe/H] values, the catalogue of Cayrel de Strobel et al. (1992) has been superseded by the 2001 edition (Cayrel de Strobel et al. 2001 ). In addition, we have updated the 2001 catalogue from several abundance studies, introducing more than 1000 entries and 357 stars not included in the original catalogue. The most important sources for this update were: Mishenina & Kovtyukh (2001) , Santos et al. (2001) , Heiter & Luck (2003) , Stephens & Boesgaard (2002) , Takada-Hiday et al. (2002) and Yong & Lambert (2003) . We will call "C03" this actualized catalogue.
Hilker (2000, H00) has published a metallicity calibration for giants in the Strömgren system, which, when compared with the spectroscopic metallicities of C03 shows clear systematic tendencies (Fig. 1) (2000) calibration (∼ 5%) and lastly the photometric metallicities given by Alonso et al. (1999a) .
The calibrations
Broadly speaking, the behaviour of the T eff vs color relations can be represented by the simple equation: T eff = c 1 /(c 2 X + c 3 ), where X is the color index and c 1 , c 2 and c 3 constants (see for example Hauck & Künzli 1996) . It is easy to show, by aproximating the stellar flux to that of a blackbody, that this equation has some physical meaning. To better reproduce the observed gradients ∆T eff /∆X and to take into account the effects of different chemical compositions, however, the following general formula has proved to be more accurate:
Here, θ eff = 5040/T eff and a i (i = 0, 1, . . . , 5) are the constants of the fit (see for example Alonso et al. 1996b Alonso et al. , 1999b Meléndez & Ramírez 2003) . Nonlinear fits of the data to Eq. (1) were performed for 7 color indices and 1 photometric parameter as described in the following subsections. Coefficients such that 3σ(a i ) > a i were neglected and stars departing more than 2.5σ(T eff ) from the mean fit where iteratively discarded (the number of iterations hardly exceeded 5).
It has been argued that the a 5 term, which is almost always negative, systematically produces too high temperatures for metal-poor stars (Ryan et al. 1999 , Nissen et al. 2002 Even after these considerations, the residuals of some fits showed systematic tendencies, specially for the stars with [Fe/H] > −1.5. This may be due to the fact that the hydrogen lines, the G band and continuum discontinuities as the Paschen jump fall into some of the bandpasses. In order to remove these small tendencies, we fitted the original residuals to high order polynomials and substracted them from the 5040/θ eff = f (color, [Fe/H] ) values derived at first. Therefore, the temperature of a star is to be obtained according to
where P is the polynomial fit to the original residuals. The final calibration formulae are thus not as practical as the original ones but much more accurate than them. Interpolation from the resulting T eff vs color vs [Fe/H] Tables 3, 4 and 5 constitute a more practical approach to the effective temperature of a star.
Vilnius system
The filters defining the colors we have calibrated in this system are (approximate effective wavelengths and bandwidths in nm, according to Straižys & Sviderskiene 1972 , are given in parenthesis): Y (466, 26), V (544, 26) and S (655, 20) .
For the (V − S) color index we found:
with σ(T eff ) = 86 K (after correcting with the polynomial fits to the original residuals given in Table 1 ) and N = 170. Hereafter σ(T eff ) and N will be used to denote the standard deviation in T eff and the number of stars included in the fit, respectively. The sample and residuals of this fit are shown in Fig. 2 , from which we see that Eq. (2) is applicable in the following ranges: with σ(T eff ) = 99 K and N = 172. This is, again, after the residuals correction (Table 1) .
The ranges of applicability of Eq. (3) can be inferred from Fig. 3 , where we show the sample and residuals of the fit:
The sensitivity of (Y − V ) to the effective temperature is very similar to that of the (V − S) color index. There is, however, a greater influence of [Fe/H] 
Geneva system
Our calibrations for this system span a considerable range of temperatures, going approximately from 3600 K to 8200 K for solar metallicity stars. All the fits for the Geneva colors need to be corrected using Table 1 .
For the T eff : (B 2 − V 1 ) : [Fe/H] relation we found the following fit:
with σ(T eff ) = 57 K and N = 230. Figure 4 shows the sample and residuals of this fit, which is valid in the following ranges:
Likewise, for the (B 2 − G) color we obtained:
with σ(T eff ) = 62 K and N = 235.
(V-S) 
Gradients ∆T eff /∆(B 2 −V 1 ) and ∆T eff /∆(B 2 −G) corresponding to Eqs. (4) and (5) range from about 70 K per 0.01 mag for the hottest stars to 15 K per 0.01 mag for the cool end. The color index (B 2 − V 1 ) is only slightly better than (B 2 − G) as a T eff indicator provided that the star metallicity is known. The influence of this last parameter on T eff , according to our calibration formulae (4) and (5) It is worth mentioning that it was hard to fit the points for stars having −1.2 < [Fe/H] < −0.8 and 4800 K< T eff < 5000 K, basically due to the low number of stars included around [Fe/H] ∼ −1.0, which correspond to the transition region between halo and disk (see Figs. 4, 5) . In fact, there are few stars with abundance determinations in the interval −1.2 < [Fe/H] < −0.8 (see e.g. Fig. 5c in Meléndez & Barbuy 2002) .
A photometric parameter nearly independent of [Fe/H] in the Geneva system is the t parameter, defined as (Straižys 1995, p. 372 ).
Compared to the dwarf calibration, which disperses when cool dwarfs are included, the t parameter for giant stars covers a greater range of temperatures due to its higher sensitivity to T eff for cool giants.
Data for the t parameter satisfy the following fit:
with σ(T eff ) = 59 K and N = 228. Eq. (6) is applicable in the following ranges:
Even though the mean variations ∆T eff /∆(B 2 − V 1 ) and ∆T eff /∆(B 2 − G) are similar to ∆T eff /∆t, the independence of [Fe/H] for the T eff vs t relation makes the t parameter a better T eff indicator. The mean variation ∆T eff /∆[Fe/H] corresponding to Eq. (6) is always lower than 10 K per 0.3 dex.
RI (C) system
Only 15 % of the stars in the sample have RI (C) [Fe/H] Data for this system satisfy the following fit:
with σ(T eff ) = 67 K and N = 137. No appreciable tendencies were found in the residuals, so there is no need for a residual fit here. The sample and residuals of this fit are shown in Fig. 7 , which shows that Eq. (7) is applicable only in the following ranges: Even better is the calibration for (V − I) (C) (Fig. 8) :
[Fe/H] [Fe/H] which has σ(T eff ) = 46 K and N = 111. A residual correction is required here though (Table 1) . Eq. (8) is applicable in the following ranges:
There is a steep ∆T eff /∆(V − I) (C) gradient from (V − I) (C) = 0.56 to 1.30 for [Fe/H] = 0, which, later on decreases considerably to less than 10 K per 0.01 mag. The mean variation ∆T eff /∆[Fe/H] is constant over the common ranges and amounts to approximately 10 K per 0.3 dex.
DDO system
There is a considerable number of stars with DDO photometry available in the GCPD though only in the range 3800 K< T eff <5800 K. Although DDO colors are severely affected by the star metallicity, the calibration formula obtained for the C(42 − 48) color satisfactorily reproduces the effect and, surprisingly, its standard deviation is very close to the lowest to be found in this work.
For the C(42 − 48) color index, we found:
with σ(T eff ) = 50 K and N = 174. Since the θ eff vs C(42 − 48) relation is almost linear (for a given [Fe/H]) the residuals of this original fit do not show any systematic tendency. Figure 9 shows the sample and residuals of this last fit, whose ranges of applicability are:
As it is shown in Fig. 9 As stated previously, it is interesting to note the small values of the residuals of this fit, which are shown in the right panels of Fig. 9 . They confirm that there are no systematic tendencies introduced by Eq. (9) with color or metallicity and that the large dispersion in the T eff vs C(42 − 48) relation can be attributed to well defined strong metallicity effects. They are also a consequence of an extremely careful photometric work.
Application to Arcturus
From the practical point of view, our calibrations allow one to obtain the effective temperature of a star from its color indices and atmospheric parameters log g (a distinction between dwarf and giant is enough) and [Fe/H] . Arcturus (also HD 124897) is a well studied giant star, for which a recent direct effective temperature determination exists (Griffin & Lynas-Gray 1999) . They derived T eff = 4290 ± 30 K. Our calibration formulae provide the temperatures listed in Table 2 . Their mean value is Meléndez et al. 2003 ).
4296 ± 28 K, in excellent agreement with Griffin & LynasGray result. It is worth remarking that this mean value is closer to the direct T eff of Arcturus than the temperature derived through the IRFM: 4233 ± 55 K (Alonso et al. 1999a ). This is a direct consequence of averaging stellar properties from large samples.
Comparison with other calibrations

Vilnius system
A good reference for this photometric system is Straižys (1995) book. He has compiled several works on the intrinsic colors of stars of several spectral types in the Vilnius system and has smoothed them to build a single set of colors. This system is also described in Straižys & Sviderskiene (1972) . Open circles in Fig. 10 show the intrinsic (V − S) and (Y − V ) colors for giant stars according to Straižys (1995, p. 440) , our calibrations for solar metallicity stars are also shown as solid lines. It is clear that for temperatures hotter than 5500 K, Straižys calibration predicts redder colors, the effect being larger for (V −S). The difference can be as high as 400 K (6%) at (V − S) ≃ 0.40 or 500 K (6.7%) at (Y − V ) ≃ 0.30 with no smooth tendencies. Below 5200 K the mean difference for (Y − V ) is about 1% and hardly exceeds 2%. The agreement for (V − S) in this last range is remarkable.
The observed difference is partially explained by a gravity effect, as some of the hottest stars in Fig. 2 are supergiants. As a matter of fact, the lower a log g value is, a bluer (V − S) is obtained (see Sect. 5.2). Kobi & North (1990) have published grids of (B 2 −V 1 ) colors based on Kurucz models. A standard correction procedure was employed to put the synthetic colors into the observational system though only by using solar metallicity stars. Thus, as remarked by themselves, their results for metal-poor stars are only reliable if "Kurucz models correctly predict the differential effects of blanketing". In Table 1 . Polynomial fits to the original residuals. The general form is: P = P 6 X 6 + . . . + P 2 X 2 + P 1 X + P 0 , where the P i 's are constants and X is the color. The last column specifies the equation that is being corrected. The slopes ∆T eff /∆(B 2 − V 1 ) are slightly different in Fig. 11 , the sensitivity of (B 2 − V 1 ) to the stellar effective temperature is slightly stronger in our calibration, which implies that Kobi & North colors result bluer in the high temperature range and redder below 6000 K. In the range 6000 K< T eff < 7000 K there is good agreement. 
Geneva system
RI (C) system
Figures 12 and 13 show our calibrations for the T eff vs (R − I) (C) and T eff vs (V − I) (C) relations along with Bessell et al. (1998) and Houdashelt et al. (2000) results. The former of these provide colors obtained from ATLAS 9 overshoot models (squares) and no-overshoot models (triangles), which within our interval of interest differ by no more than 0.02 mag. Bessell et al. colors show their results for log g = 2.0, the nearest value to the peak of the log g distribution of the sample.
The (R − I) (C) colors obtained from ATLAS 9 overshoot models agree slightly better than no-overshoot ones with ours below T eff = 5500 K though Bessell et al. give too red colors in that range (∼ 0.02 mag). In the range 5750 K< T eff < 6250 K, where no-overshoot models seem to be more reliable (see also Castelli et al. 1997 ) the agreement increases with temperature. In the case of the (V − I) (C) color, below T eff = 5500 K there is an almost constant difference of about 0.04 mag that makes our colors (for [Fe/H] = 0 stars) slightly bluer compared to both overshoot and no-overshoot model colors (only no-overshoot results are plotted).
Houdashelt et al. (R − I) (C) colors are too blue for T eff > 5500 K. The effect gradually increases as hotter stars are considered. At T eff = 5500 K, for instance, the difference amounts to 0.015 mag while at T eff = 6250 K it is about 0.050 mag. A similar behaviour was also present in the dwarf calibration (see our Fig. 12c in Paper I). Below T eff = 5000 K, there is good agreement since both the gradient ∆T eff /∆(R − I) (C) and (R − I) (C) colors are very similar. Even though Houdashelt et al. colors were put into the observational system by means of a sample of solar metallicity stars and thus their results for metalpoor stars could be not very accurate, the fact that metalpoor stars are redder than solar metallicity stars for the (R − I) (C) color index is very well reproduced and agrees reasonably well with our result. Nevertheless, according to our calibration, for a fixed temperature, the difference in (R − I) (C) between a solar metallicity star and a [Fe/H] = −1 star is no more than 0.02 mag while Houdashelt et al. give 0.04 mag. On the other hand, their (V − I) (C) colors for solar metallicity stars are very close to ours, except at high temperatures. Tripicco & Bell (1991) . Their procedure to put the synthetic colors into the observational system involves the use of spectrophotometric scans, a procedure that allows a model independent treatment. For stars having T eff > 4500 K, Tripicco & Bell colors are too red but the effect of [Fe/H] is well reproduced. Particularly, in the range 4500 K< T eff < 5000 K, C(42 − 48) varies 0.15 mag for a 1.0 dex variation in [Fe/H] , in reasonable agreement with the mean 0.12 mag variation that Eq. (9) produces. Contrary to our calibration, in which T eff vs The empirical calibration of Clariá et al. (1994) for the T eff vs C(42 − 48) relation is shown in Fig. 14 with open triangles. They used the C(42−45) : C(45−48) color-color diagram to derive mean DDO colors for different spectral types, for which a T eff calibration was also derived. The agreement with our work is quite good, specially for T eff < 4600 K. In the range 4600 K< T eff < 5000 K there is a shift of only 0.04 mag that makes Clariá et al. colors slightly bluer than ours.
DDO system
Finally, Morossi et al. (1995) have used Kurucz models to derive synthetic DDO colors for solar metallicity stars as a function of spectral type. The mean DDO effective temperature-MK spectral type provided by Clariá et al.
(1994) was adopted here to derive the T eff vs C(42−48) relation corresponding to Morossi et al. colors . This relation provides too red colors in the range 4100 K< T eff < 4600 K but agrees with our color for T eff = 3950 K. The slope ∆T eff /∆C(42 − 48) changes dramatically with color, so that around T eff = 4700 K the agreement is good again but for hotter stars Morossi et al. colors become slightly bluer.
The effective temperature scale
Intrinsic colors of giant stars
Instead of fitting the color = color(T eff , [Fe/H]) relation to some analytical function from the same sample adopted to derive the T eff = T eff (color, [Fe/H]) relation, as is sometimes done, we solved Eqs. (2)- (9) 
Gravity effects
Colors derived in this work for giants generally differ from those given for main sequence stars in Paper I. Even though the mean differences are of the order of the ob- servational errors, so that they are not very useful when studying individual stars, knowledge of gravity effects on the empirical temperature scale may improve our understanding of stellar spectra. The difference in color between a giant and a dwarf star of the same T eff is plotted in Fig. 17 for stars with [Fe/H] = 0. Different symbols and line styles correspond to different color indices. Firstly, it is worth noticing that (R − I) (C) is almost unaffected by the surface gravity, dwarfs are only 0.03 mag redder than giants at T eff = 4000 K and nondistinguishable from them at high temperatures. Given that it is also nearly independent of [Fe/H], this color is a good T eff indicator, free of secondary effects.
For most colors, main sequence F stars are redder than F giants. The difference seems to increase with the separation between the wavelength bands covered by each filter.
It is large (0.07 mag at T eff = 7000 K) for (B 2 − G), whose B 2 filter has a mean wavelength that is about 1300Å away from the G one. It is relatively large (0.06 mag) for (V −S), for which the separation is approximately 1100Å, and less prominent (0.04 mag) for (Y − V ) and (B 2 − V 1 ), whose separations are around 850Å. Neutral hydrogen boundfree opacity increases more with wavelength than that of the H − ion, which is the only of the two that increases with electron pressure, and so is stronger in main sequence stars. This implies that the wavelength dependence of the total opacity is smoother for dwarfs and stronger for giants. As a result, within Paschen continuum (365-830 nm), giants gradually emit more radiation at shorter wavelengths than dwarfs, an effect that is well reproduced in Kurucz SEDs. Therefore, in addition to their primary dependence on T eff , colors at well separated wavelength Table 4 . As in Table 3 for the Geneva system. Table 5 . As in Table 3 for the RI (C) and DDO systems.
intervals within Paschen continuum will be more affected by the surface gravity. Alonso et al. (1999b) also showed this effect for (B − V ) and (V − I) and provided a similar explanation.
On the other hand, UV and optical colors of K stars are affected by different mechanisms, which can make a giant bluer or redder than a main sequence star. In addition to their dependence with the continuum opacity, at the low T eff s found in K stars, stellar spectra are crowded with lots of lines that can be stronger in giants (e.g. CH lines) or in dwarfs (e.g. MgH lines), as explained by Tripicco & Bell (1991) and Paltoglou & Bell (1994) .
Though it is not shown here, we have also checked that colors for metal-poor stars are only slightly affected by the surface gravity.
Giants in clusters
The effective temperature scale derived in this work reproduces well the T eff versus color relations of open and old globular clusters, as is shown in Fig. 18 for the C(42 − 48) color. Table 6 contains the temperatures of the stars in this figure as given by Alonso et al. (1999b) and intrinsic colors from the GCPD corrected by using the E(B − V ) values given by KI03. The observed deviations are within the observational errors, which can be verified from the error bars to the upper right corner of Fig. 18 . From this result not only we conclude that the temperature scale derived here is suited for stars in clusters, but also we are showing that the metallicity and reddening scales for these clusters (KI03) are well determined. Table 6 . Temperatures and (intrinsic) colors for the stars plotted in Fig. 18 . 
Evolutionary calculations
One of the most important applications of the temperature scale is the transformation of theoretical HR diagrams into CMDs since it allows to explore the capability of evolutionary calculations to reproduce the observations. Here we compare isochrones with fiducial lines for two globular clusters: NGC 6553 and M3. The bulge globular cluster NGC 6553 serves as a template for metal-rich galactic populations (ellipticals and bulges) given that it is one of the most metal-rich globular clusters of the Galaxy ([Fe/H] = −0.2, Melendez et al. 2003) . Data for this cluster are from Guarnieri et al. (1998) and Ortolani et al. (1995) . Their HST (V − I) (C) colors have been transformed into T eff by using our calibrations for both dwarfs (Paper I) and giants. We adopted E(V −I) and (m − M ) from Guarnieri et al. (1998) . The best fit occurs at t = 13 Gyr, in agreement with the old age obtained by Ortolani et al. (1995) .
For the halo globular cluster M3 ([Fe/H] = −1.5, KI03), almost all the photometry is from HST (Rood et al. 1999) , the last three points on the main sequence are ground-base observations (Johnson & Bolte 1998) corrected for blending using the HST data. The E(B − V ) and (m − M ) values were also taken from KI03. Again, colors were transformed into T eff from our temperature scale. In order to obtain a reasonable agreement with the models, M3 photometry has been empirically corrected by ∆T eff = +60 K and ∆(m − M ) = +0.2 to fit the turnoff of the Y 2 isochrones. Likewise, the BV01 isochrone has been shifted to fit the observed turnoff.
Note that only a small adjustment is required to obtain a better fit to the data, the ∆T eff = +60 K is equivalent to a correction of only 0.014 mag in (V − I) (C) (or ∆E(B − V ) = 0.01 mag), and the correction for the absolute magnitude is well between the error bars for the distance modulus. For M3, (m − M ) ranges from 14.8 (Kraft et al. 1992 ) to 15.2 (BV01). A correction of 0.2 mag in M V corresponds to a change of only 0.02 dex in the iron abundance obtained from Fe II (KI03). It is important to note that the isochrone of BV01 satisfactorily reproduces the observed RGB, but the Y 2 isochrones fit better the low main sequence.
Conclusions
We have calibrated the effective temperature versus color relations for several color indices in 4 important photometric systems using reliable and recent [Fe/H] and log g measurements to explore with improved accuracy the effects of chemical composition and surface gravity on the temperature scale.
In general, the present calibrations span the following ranges: 3800 K< T eff <8000 K, −3.0 < [Fe/H] < +0.5. Ranges of applicability, however, are different and specific for each color calibration. For (R − I) (C) and C(42 − 48), for example, these ranges are not so wide, specially in T eff . We also provide specific ranges of applicability after every formula.
The standard deviation of the fits amount from 46 K for (V −I) (C) to 99 K for (Y −V ) with more than 130 stars in almost every calibration. Residuals of every fit were iteratively checked to reduce the dispersion and undesirable systematic effects.
Finally, from our formulae we have calculated the intrinsic colors of giant stars and have probed their consistency with empirical color-color diagrams, gravity effects on stellar spectra, T eff versus color relations for stars in clusters and evolutionary calculations. Our results for the main sequence were also explored in this last case. Guarnieri et al. (1998) and Ortolani et al. (1995) transformed to the M V vs T eff plane from our calibrations (open circles). The solid lines are theoretical isochrones calculated by Yi et al. (2003) . Right: As in the left panel for M3 (Root et al. 1999 , Johnson & Bolte 1998 . The dotted line is an isochrone from Bergbusch & VandenBerg (2001, BV01) grids.
